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. layers (L4 and L5), the DOS reveal an obvious band gap that corresponds to that of diamond. 
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Hydrogen coverage-dependent phase transition
, where X H is the atomic fraction of hydrogen. According to this formula, perfect sp 2 and sp 3 networks could be obtained for the hydrogen atomic fractions of 1/6 and 8/13, respectively. In the present work, we consider hydrogen adsorption only onto the outer surface and thus, Angus and Hayman's formula cannot be directly applied. However, the coverage of x = 1/3 in our case (C 2 H x ) can be considered similar as the coverage of H/C = 1/6 for a-C:H because of the stabilization at the interface with the metal surface states. Figure (b) The side-and top-views of the ball and stick schematics of optical phonon modes at Γ that correspond to the peaks in PHDOS. Atomic symbols follow the same convention used in Fig. S1 .
The low frequency region is characterized by the C-Cu vibration modes; the in-plane shearing motion (indicated by '1') and the out-of-plane stretching motion (indicated by '2'). The highfrequency peaks denoted by '3' and '4' correspond to the shearing motions between C and H layers, as discussed in a previous study on graphane S7 . The isolated high frequency mode (2893
) originates from the C-H bond stretching out of the plane, and dispersive medium-frequency region (indicated by the horizontal arrow in a) is largely contributed by the vibrations of C-C bonds.
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Computational details for the supercell geometry and k-point sampling 
where E tot (A/graphene/M) and E tot (graphene/M) are the total energies of the metal-supported graphenes with and without hydrogen (or fluorine) adatoms, and E tot (A) is the total energy of a hydrogen/fluorine atom in the vacuum. N is the number of adsorbed adatoms.
For phonon dispersion calculations through the density functional perturbation method, a 12×12 kpoint mesh with a Gaussian smearing of 0.05 Ry and a 3×3 q mesh were used in 2D BZ in a primitive graphene unit cell (1×1). The electron-phonon coupling matrix was integrated with a 72×72 k-mesh. S10
